The statement that information needs change over time occurs quite frequently in information science literature. Neither "change" nor "over time" is, however, clearly defined and from the context of the use of the phrase it is clear that different authors interpret both concepts differently. Most of the articles are purely descriptive and don"t try to offer a theoretical discussion. In this paper we give an overview of examples as they occur in recent publications and discuss all variables that impact on the interpretation of these terms.
Stable or unstable information needs
The statement that information needs change over time occurs quite frequently in information science literature. Neither "change" nor "over time" is, however, clearly defined and from the context of the use of the phrase it is clear that different authors interpret both concepts differently. Most of the articles are purely descriptive and don"t try to offer a theoretical discussion. In this paper we give an overview of examples as they occur in recent publications and discuss all variables that impact on the interpretation of these terms.
The often-cited article by Belkin and Croft (1992) deals primarily with the relation between information filtering and information retrieval. They conclude that "information retrieval and information filtering are indeed two sides of the same coin. They work together to help people get the information needed to perform their tasks" (Belkin and Croft 1992: 37) . One of the characteristics of information filtering, according to them, is that
[i]nformation filtering is concerned with much larger data sets, and, generally, with information needs which are relatively stable over relatively long periods of time (Belkin and Croft 1992: 37) .
For this discussion the second part of this quotation is of primary importance: if there are information needs that are relatively stable over relatively long periods of time, the logical deduction is that there are also information needs that are relatively unstable over long or short periods of time. Instability implies change, i.e. it is safe to deduce that their description implies that information needs may change over time (regardless of the length of the time period). This is to a certain extent substantiated by the following quotation from Belkin and Croft (1992) : relatively stable, long-term, or periodic goals or desires (e.g., accomplishing a work task, or being entertained) [...] then lead to regular information interests (e.g., keeping up-to-date on a topic) that may change slowly over time as conditions, goals, and knowledge change (Belkin and Croft 1992: 31) .
Even though they here refer to interests and not needs, the statement still supports the preceding deduction, as information interests imply or lead to information needs. They also imply that the changing information needs could be triggered by conditions external or internal to the user of the information: conditions can refer to the context or situation of the information need; goals are internal in the user of the information and knowledge could be either the knowledge of the user or refer to the "state of knowledge" (e.g. changes in factual knowledge as the world changes). Belkin and Croft (1992) , however, do not discuss the issue of changing information needs any further. As this issue is not the focus of their article, they do not discuss either the nature of such changes in information needs or the concept "over time" in any detail. Does change, for example, refer to a gradual change in an existing information need, or does change imply a new information need? As indicated above, "over time" in their discussion could also refer to a short period of time; could this then be interpreted as the time of a search session or the completion of a work task, or even a much longer period? Therefore, does change in a single search session refer to a gradual change in a single information need, or a multiple of new needs, or both? The same applies to change over a long period of time. Furthermore, are there any additional variables that may play a role, may change or trigger change in information needs over time?
Examples from the literature
Many authors since Belkin and Croft (1992) have addressed the issue of changing information needs over time. Some examples are discussed briefly. From these examples it is evident that there is no single meaning ascribed to either "change" or "over time" and that different authors use these terms differently. The examples are all from recent literature and are therefore selective; we try to show the range of meanings currently ascribed to the terms.
The focus of the paper of Adams and Blandford (2005) "is on the way that users" information requirements change over time" (Adams and Blandford 2005: 160) . They identify "users" changing information needs over time via an "information journey" that involves the use of both online and offline resources" and state that digital libraries have further to go in supporting users" changing needs for all types of information (both theoretical and practical) according to varying contextual requirements (Adams and Blandford 2005: 168) .
It seems as if "over time" here refers to a fairly long period of time as implied by the "information journey", but it is unclear whether the changing information need refers to a gradually changing need or an abrupt one, or whether it could be both.
The article by Shen, Tan and Zhai (2005) deals with the effect user modelling and understanding the context of the user can have on retrieval precision. Shen, Tan and Zhai (2005: 824) also state that
[a] user"s information needs may change over time. The same user may use "Java" sometimes to mean the Java island in Indonesia and some other times to mean the programming language. Without recognizing the search context, it would be again impossible to recognize the correct sense.
In this case it is evident that they refer to a totally new information need, unrelated to the previous need the user had. The length of the time dimension is here unimportant -the user could experience the new information need directly after the existing information need, or at an indefinite period later. However, in the former case context is not necessarily a disambiguating factor: the person could be programming in Java for which he may need more information, be tired and distracted and think a holiday in Java is what s/he needs.
The idea of information needs changing over time also occurs in a variety of different contexts or situations, such as descriptions of students" information seeking behaviour, commercial settings, travel environments, general commercial settings and health information seeking behaviour. The following examples come from these environments.
An article by Grant, Clarke and Kyriazis (2011) refers to information needs of consumers, and Aspray"s article of 2011 discusses changing information needs over the years when buying cars:
 "The consumer"s information needs are likely to change as product knowledge and search skills grow over the time of their search, so such changes require real-time assessment". "Linguistic and semantic analysis of an individual"s entries in an online forum or in text queries may therefore offer clues to changes in need reflecting real-time reactions to information on the website or drawn from elsewhere" (Grant, Clarke and Kyriazis 2011: 9 and 17) .  "The act of buying a car is an excellent case for understanding how information needs in American life have changed over time" (Aspray 2011: 10) .
In these two cases it is evident that "over time" has totally different connotations, referring either to a single search session, or to a very long period: Grant, Clarke and Kyriazis (2011) explicitly refer to the "time of their search", typically therefore a single session in a contained time period, while Aspray (2011) refers to the changing needs over the approximately century that cars have been sold and bought. In the one case the changes in information needs are brought about by increased knowledge on the part of the users, in the other the development of new cars and the availability of new models precipitate the need for more updated information.
Increased knowledge on the part of the user seems to change users" information needs, as is evident from the following two quotations. Both examples clearly imply that new information needs develop based on increased knowledge:
 "As they advance in their programs, their information needs change and begin to mirror the characteristics of faculty" (Mateson 2011: 47) .  "It was also observed that the nature of their information needs changed too, as a result of the development in their subject knowledge" (Chu and Law 2007: 33) .
The study by Chu and Law (2007) identifies three stages of students" information needs: general, specific and the most current. These various stages of information needs are closely linked to the students" research progress:
 "Students" information needs change from general to specific" [...] Students" information needs change from specific to the most current" (Chu and Law 2007: 38) .
In the following examples from planning travels it is evident that the changes in information needs occur over the full period of planning the journey and during the journey itself:
 "This implies that decisions made at earlier stages influence decisions made at later stages, and thereby different functional information needs are triggered as the travel decision process evolves" (Choi et al. 2012: 38) .  "That is, information needs appeared to decrease after purchasing the travel, but to increase again when novel or unexpected situations (e.g., to make international calls, to find a place for taking a rest, or to be lost at a certain sightseeing place at the travel destination) were encountered, or at the time decisions had to be made during trips" (Choi et al. 2012: 33) .
The authors describe changes that are triggered by decisions based on information obtained. These changes can evidently be fairly small changes, but could be totally new information needs -typically information needs that may have been latent during the planning process, but may only be acted upon when the actual situation arises during the journey.
Wu, Liu and Chang (2009) stress the changing information needs of workers during task execution. The duration of the task is not discussed, but the time period is clearly delineated: from the beginning to the end of the task:
 "[...] they cannot identify and track a worker"s dynamic information needs (task needs) over time precisely. This is a critical issue because a worker"s task-needs can emerge and change in different time frames during a task"s execution" (Wu, Liu & Chang 2009 : 2431 .  "Thus, the proposed method is more effective for workers whose information needs change a great deal during a task"s execution" (Wu, Liu & Chang 2009 : 2447 .
In addition, information needs may vary or change depending on the stage of a worker"s progress in task execution combined with state of his/her knowledge:
 "Reference service has been one of the focal points of IFSI Library"s Outreach Program and needs constant adjustment according to changes in users" information needs and behaviour" (Ruan & Sung 2003: 72) .  "Overall, a high degree of reliance on outreach service is necessary to enable firefighters to meet their changing information needs" (Ruan & Sung 2003: 75) .
In articles dealing with the provision of information in healthcare environments, changing information needs are mentioned quite regularly. The following quotations from a number of selected recent publications illustrate this:
 "The long-term nature of most of the conditions discussed meant that several patients talked about information needs changing over time. [...] Information needs also change and fluctuate over time. [...] It also became apparent that the needs changed over time as the patient moved through the treatment process to rehabilitation and self-care. [...] Attitudes towards information can also change over time as patients recover and become less willing to simply accept what they are told by their doctors. [...] The information needs of the patients interviewed changed over time, but did not necessarily diminish. Individuals talked about the importance of "being in the loop" so that they were kept up to date with any new research or developments that might improve their quality of life.
[...] On the other hand, the flexibility the internet offers, allowing patients to choose the timing and extent of their information searches, makes it ideal for patients whose information needs may change daily and over time" (Cartwright & Magee 2006: 4, 8, 14, 60, 66, 68) .  "Information needs change over time; clinical situations as well as individual and family attitudes evolve and adjust. [...] Patients who were initially averse to learn prognostic information and elected to hear only what was required to provide consent to treatment may later spontaneously ask about their condition and prognosis. Conversely, patients who are quite near the end of life may be less inclined to seek discussion of a specific survival time" (Schapira & Steensma 2012) .  "This study demonstrates that patients" information needs change over time which is consistent with previous studies" (Halkett et al. 2012: 402) .  "Studies addressing changes in information needs over time showed that information needs generally remain high as patients move through different treatment stages" (Douma et al. 2011) .  "These studies, along with others, demonstrate that information needs of stroke patients and their carers change over time. [...] Because stroke information needs continue to change over time [...] , it is possible that as patients and carers become disconnected from the hospital service, their preferences for receiving this information also change" (Eames et al. 2011: e19, e22) .  "The category pertaining to timing of information provision is best understood through consideration of two subcategories: changes in information needs over time and caregivers" need for proactive information provision. [...] [C]aregivers of stroke survivors stressed the significant changes in their information needs over time. [...] Studies of non-stroke caregivers also identified ways in which caregiver information needs varied over time" (Washington et al. 2011: 40-42 , with many references to earlier studies).  "We hypothesize that, over the course of the cancer continuum, information needs of patients, caregivers, family, and friends will change over time as they go through treatment, complete treatment, and move towards maintenance phases, long-term survivorship, or relapse" and they then come to the conclusion that "the sample size is sufficient to clearly demonstrate changes in [information] needs over time, which is the main objective of the study" (Gansler et al. 2010: 302, 310) .  "Patients" and families" information needs and preferences also change during the course of the illness, under the positive influence of a secure relationship with their oncologists" (Kagawa-Singer et al. 2010: 19) .  "Health professionals also need to be aware that the information needs of clients with stroke and their carers will change over time, and with improvement or deterioration in their condition. [...] This should include detection of how information needs may change over time and recognise the need for information to be reinforced after discharge from rehabilitation" (Gustafsson et al. 2010: 191, 195 ).  "Furthermore, patients" needs and quest for information will continue and change over time in response to their personal experiences with the medication. [...] Therefore it is possible that the needs of new medication users differ from those of chronic users, i.e. patients who have been taking this medication for a period of time. [...] A qualitative study in patients who had recently experienced a myocardial infarction showed that patients" information needs change during their recovery process and thus require periodic assessment and education updates" (van Geffen et al. 2011: 303, 308) .  "The findings of the present study highlight the changing pattern of patients" preferences and information needs during the evolving clinical situation; therefore, clinicians should be sensitive to such changes" (Decker et al. 2007: 464) .  "Placing information on the website will enable people with stroke and their families to access information about particular topics as their needs change over time and at a time, place, and pace to suit them" (Kerr, Hilari & Litosseliti 2010 : 1185 .  "In response to changing situations, events and experiences information needs and preferences for information inevitably change. [...] Information needs are temporal changing over time along the disease continuum related to a series of challenges, critical and/or social events" (Ormandy 2011: 98) .  "The information needs of patients with cancer differ among patients, change over time, relate to the type and stage of the disease, and persist through the cancer care trajectory" (Frenkel, Ben-Arye & Cohen 2010: 181) .
From the preceding quotations it is clear that, in healthcare literature, changing information needs are accepted as a given. According to the literature, these changes occur within patients, their families and their caregivers. The information needs depend on the stage and prognosis of the illness, as well as changing situations, events and experiences and change in information needs are triggered throughout the continuum of the illness by these factors. Changes can imply a need for more detailed information, or less detailed information. Most of these studies include empirical research, even listing the different information priorities at different stages of an illness, e.g. Changes in information priorities over the cancer continuum [...] confirm initial hypotheses based on the authors' experience in clinical practice and patient education. For example, all groups expressed greatest interest in information concerning coping with side effects while the patient was undergoing treatment and, presumably, experiencing one or more side effects. Likewise, all groups were interested in learning about treatment options before and during treatment and at the time of relapse or during remission or maintenance therapy when they are at risk for relapsing, but had little interest in this topic after completion of initial treatment (Gansler et al. 2010: 308) .
Many of the above contributions in the healthcare environment focus on the fact that, as the health condition of a patient changes, this change gives rise to a change in the information needs. Another kind of change could be the relationship between doctors and patients. For example, if a patient does not trust the doctors any more, s/he will have more information needs than before. This too is called "change". There are in other words at least two kinds of changes: (a) in the world, (b) in the user needs.
The question therefore is, "What does change mean, not only in the real world, but more in the topic changing information needs?" According to the examples, information needs not only change, but they also "change and fluctuate over time". In reality it may be that the information needs are not really changing: one may have new situations and new needs. The relationship between the information need one patient has on a specific day and one month later it may be the disease or medication which could have changed. The fact is that the patient may have had new experiences and therefore new information needs. It could possibly be an information need within the same problem, but it will normally be a
In one case (by Washington et al. 2011: 40-42 ) not only the pure information is mentioned, but also what they call a "need for proactive information provision", that is, not only a need to get information, but to get help to act in the right way (which is called an operational need). In another paper a so-called secondary information need is mentioned, that means that the medium (the web) and the use of this medium are mentioned to help with obtaining access to the needed information (Kerr, Hilari & Litosseliti 2010 : 1185 .
We see that the plural and singular of need, respectively needs and need, are used almost as synonyms. In fact a single user can have any number of information needs, but if there is more than one s/he will have to make separate searches for each need. We will come back to that question, which sometimes is called a differentiation between welldefined and ill-defined information needs. This, again, perhaps is more a differentiation between the information need for a single topic or a complex topic.
However, none of the articles study the concepts of "change" and "over time" at a theoretical level, simply because it is not the focus of any of these research reports -all the articles are descriptive of specific situations or case studies in which the authors elaborate on their observations. A number of observations can, however, be made:
 In most cases it is not clear to what extent these changes in information needs imply new information needs, a clearer specification of an earlier information need, or a modification of an earlier information need. In some case the changes arise because of knowledge or experience gained, for example in the case of students that need more specific or detailed information as they progress with their studies and research; this is clearly a more precise specification of the need. In the healthcare examples, the information needs of patients, care givers and others are modifications of existing needs based on the progression or remission of the illness. In the travel example, however, it is clear that new needs arise based on new circumstances: the user only needs to find out how to make an international call once s/he is in the specific situation. "Change" therefore has at least three dimensions: a requirement for more detailed information, a requirement for information based on a modified need and a requirement for information based on a new need.  Changes in information needs can be brought about because of a deeper understanding by the user of the issues involved (for example, in a research or study environment), by changes in the user"s personal circumstances (for example, a change in the execution of a work task or changes in the health condition of the user) or changes in the world (for example, the development of new cars over a long period of time). Changed information needs can therefore be precipitated by changes in the knowledge of the user, the circumstances of the user or changes in the world at large.  From the quotations it is also clear that "over time" could imply either a quite short time (for example, the time spent on a search session or the duration of a work task) or a very long time (as is the case with car sales since the first cars became available to the present). In the healthcare examples, "over time" usually implies the duration of the illness, i.e. from the time the patient came into contact with the healthcare professionals up to the time the illness is resolved (either through the patient recovering or the patient"s death). And in many cases, where patients need follow-up care, the need for information about the illness, treatment and post-illness phases may continue for many years, as, for example, in a patient who had a heart attack where s/he may need information about lifestyle changes after the initial recuperation. It is therefore clear that "over time" in healthcare does not refer to the duration of a simple search session or a work task. Ingwersen and Järvelin (2005: 297) address the issue of stable and changing/variable information needs over time at the theoretical level. They define two dimensions of information needs, viz. quality and variability; quality is subdivided into well-defined and ill-defined, and variability into stable and variable. This then results in four boxes, as depicted in Figure  1 , where the user, at the start of an information retrieval session, may belong to any of the instances, but may move between the different instances.
The Ingwersen/Järvelin model

Figure 1 Matrix of four distinct cases of information requirements, taken from Ingwersen and Järvelin 2005: 298
Based on Ingwersen (1996) they state that a specific work task may represent a rather stable cognitive state during the information retrieval session, "but not in a longitudinal sense", and continue:
The nature of the corresponding information need may indeed be expected to change even during session time, from a muddled to a more well-defined type, with input from clarifying information and via learning during search task activities. However, one may also experience that the information need does stay stable -at least for a while.
[…] The other dimension corresponds to the variability of the need over time, i.e. the actor"s motivation and ability for change (Ingwersen & Järvelin 2005: 297) .
Mainstream information retrieval research mainly concentrates on the well-defined, stable environment in which work tasks may be of a "routine or normal nature", and searchers are capable to do query modification and provide relevance feedback. In the well-defined, variable environment, exploratory navigation is more common. Browsing is common in the ill-defined and variable environment. The ill-defined but stable environment "assumes high complexity and a genuine work task with properties and mode of solution that are only vaguely perceived by the actor" (Ingwersen & Järvelin 2005: 299) . The detailed discussion by Ingwersen and Järvelin (2005) centres on information behaviour during searching and on different types of relevance judgements, but does not discuss in any detail the nature of the change in information needs, or the time dimension. It furthermore concentrates on a fairly short time, viz. a single search session, or possibly the time of the specific work task. Since it is evident from the examples that the time period in "change over time" is not defined (it could be short or long), the time factor is not addressed sufficiently in this model. A clearer definition is therefore needed for both these concepts, as well as an indication of what the interaction between all variables is.
The modern function theory
If we look at the many quotations in Section 2, it is evident that they have one and only one type of information need in common (with only a few exceptions): a need to get knowledge about something. This type of need is, however, only one of at least four different types of information need. In the so-called modern function theory (Bergenholtz & Tarp 2003; Tarp 2008) four types are distinguished. The authors of those papers have very often focused on the use of dictionaries, but the theory is a general theory for all kinds of information need. There can be many reasons for the origin of an information need which can lead to the usage situation of an information source. This source can be an information tool, a certain text about the topic, asking an expert or anyone knowing an answer etc. The usage situations are divided into:
The information need of these kinds is called primary needs, i.e., a need for the information itself. In the function theory, secondary information needs are also identified, namely the need to have access to the required information tools or sources and the need for information on how to use these tools or sources.
The function in focus in most contributions in information science is the cognitive function. It is defined as related to the need by a potential user to provide  specific information about a certain topic, concept or word  general comprehensive or encyclopaedic information (Tarp 2008 ).
The communicative functions are specially well described in the function theory because the authors are lexicographers and many dictionaries give such information. A communicative situation exists when the potential user needs help to solve a problem with a text. There are various communicative situations, of which the most important are:
 need for information to solve problems related to text reception in the native language  need for information to solve problems related to production of texts in the native language  need for information to solve problems related to text reception in a foreign language  need for information to solve problems related to production of texts in a foreign language  need for information to solve problems related to translation of texts from the native language into a foreign language  need for information to solve problems related to translation of texts from a foreign language into the native language
In a communicative situation one has a problem with a text. When this problem is solved one can go on with the text: reading, writing or translating. Referring to a well-known book by Austin (1975) , one does things with words.
In this respect, the operative situations are different. The potential user has a need for help to act, s/he needs instructions how to fulfil a physical act. It can be how to install a new television or how to find a certain place in a town, and many other practical acts (in the preceding examples, typically in work task execution and health care situations). This information need can be solved by a text, but the goal is not the text itself, but to act in the physical world.
An interpretative situation is one where the potential user does not understand a non-linguistic sign, e.g. a traffic sign or the meaning of the red blinking lamp in a car.
This kind of typology does not mean that in real situations there is only one type of need -they can be mixed. For example, if one wants to install a television and some of the terms that are used in the user guide are unknown, one has a new information need, viz. a text reception need in a communicative situation. Bergenholtz and Bothma (2011: 59) use the term "sub-task" to indicate the process of the fulfilment of the information need. This therefore implies that the work task which may have one primary information need, viz. "get more knowledge about a specific topic", may be interrupted by a number of additional information needs at the level of text reception, viz. to understand the meaning of unknown words.
In information science, one traditionally only deals with cognitive needs; in lexicography, one normally deals with both communicative and cognitive needs, quite seldom with operative and interpretative needs. The three last types are in the sense of the topic equal -over time we have the different kinds of changes as discussed. However, for communicative needs, the needs are usually well-defined and stable because we here deal with text reception, text production or translation problems in a specific text at a specific time.
Implications for a typology of "information needs changing over time"
From the preceding it is clear that there are a number of variables that influence the understanding of the phrase "information needs changing over time". At least the following variables can be distinguished:
 Information needs  Changes in the world  The context or situation in which the information need occurs  The user  Changes in the data set  Changes in the interpretation Each of these variables can remain stable, or can change to a greater or lesser extent.
Information needs
In the Ingwersen and Järvelin model (2005) , four quadrants are defined. Stable, well-defined information needs imply that there is no change. This is typically the case when a single fact or set of facts are required to solve an information need. This is very similar to communicative situations in the function theory: when the meaning of a word is required to understand a text, no change in information need occurs -the meaning itself is sufficient to solve the information need and no changes will occur.
In the other three quadrants of the Ingwersen and Järvelin model (2005) , changes do occur. Change could imply a clearer specification of the information need, i.e. zooming in on specific detail (from the broader to the narrower), or modifying the need in which the focus is changed. It could also imply a totally new information need that may be only tangentially related to the preceding information needs. This can be represented diagrammatically as in Figure 2 .
Figure 2 Changes information needs
Any such changes obviously occur over time, but the time period is not defined as such -it could be anywhere on the continuum of a very short period (for example a single search session) to a very long period (stretching over many years).
Changes in the world
The world -the broad context in which an information need occurs -can be fairly stable or can change very quickly and dramatically, as is evidenced in geological time and in history. Changes could be "natural" or could be the result of human intervention. A severe earthquake could have a very dramatic influence on the world and could lead to great changes and totally new situations; many natural phenomena may, however, lead to only very small changes and modifications. Human intervention could also lead to greater or smaller changes -many inventions have led to huge changes in the world, while others may have only a minor impact. This is reflected in Figure 3 .
Figure 3 Changes in the world over time
If there are changes in the world, this can trigger change in the information needs. Change in the world is (as is the case in "change in information needs over time") a very broad expression going from gradual changes to abrupt changes, new inventions or something suddenly happening. There are a number of such examples in the quotations in Section 2. Depending on the kind of change, the information need can be a new or modified need. It will usually be a cognitive need, but can indeed be one of the three other main types of needs as well.
Context / Situation of information needs
The information need of a potential user of an information tool always occurs in a specific context or situation, and always according to the level of the potential user"s encyclopaedic knowledge of the field in question; a further factor is the user"s level of language proficiency in either his/her native language or a foreign language (if the information source is not in his/her native language). The different types of contexts or types of situations are mentioned in Section 4: communicative, cognitive, operative and interpretative situations. The context may remain stable or may change, as depicted in Figure 4 . Situation or context implies, in addition, that the user needs to decide on and find the specific information tool, as well as to find out how the information tool is to be used. The secondary information need is an operational need to enable the user to fulfil the need in a communicative, cognitive, operational or interpretative situation.
The user
From the famous example used by the Greek philosopher Heraclites we have learned that "everything flows": one cannot step into the same river twice, as it is not the same water in the river as few seconds earlier. But also the person looking at the water is not the same. S/He may have obtained new knowledge or new interests. But also a single person is, in the sense of having information needs, not one user (or the same user) but several different users according to the person"s different knowledge and ability in different situations. . It could also be the case that the user A sees that the first question was very broad and that he or she therefore wants to specify his/her question being user A 2 with the knowledge Z 2 . Or we can still have the user A, but with quite another and a new information need, not related to an earlier information need. Many of the cases Section 2 are within the same situation type, e.g. within the healthcare environment. However, in the case of another disease or in another subject field our user is not user A, but user B, because s/he has different knowledge and abilities in that field.
Data set
A data set is a human artefact. It therefore contains what the creators have put in the data set. A very small or very large collection of data (or even the whole World Wide Web) can be seen as a data set and obviously any variation in-between. A data set can consist of many smaller data sets, e.g. a database of articles could consist of a number of different subdatabases with articles of different kinds or from different publishers. It is the same with dictionaries. One dictionary can contain two dictionaries, e.g. an English-German and a German-English part which could each have been published as separate dictionaries. A further example is the typical Japanese "electronic dictionary", which is a small handheld computer with sometimes even hundreds of different electronic dictionaries.
Any data set can remain stable over many years, especially in the print environment -large encyclopaedias or dictionaries are rarely updated and new editions are not regularly published. Data sets can, however, be changed as new research produces new data, provides more detail or refutes currently held beliefs (Figure 6 ).
Figure 6
Changes in the data set over time In some cases knowledge increases exponentially, e.g. in molecular biology, knowledge has doubled every 18 month since 1990. In such cases the data set of articles needs to be updated much more frequently, even in real time to keep the data set relevant for users. It is well known that exchange rates and weather forecasts are updated at least every day, and in the case of share prices, updating databases occurs in real time, as long as the share markets are open.
Interpretation of data
Data may be interpreted differently over a period of time based on new insights and better understanding of the issues at hand (Figure 7 ).
Figure 7 Changes in the interpretation over time
The discussion by Heraclites whether the river is the same today as yesterday and tomorrow can be used on the interpretation of data as well. But in this case there are different aspects. It could be the case that the data are formulated in a way which makes different interpretations possible. It could also be the case that one user of data in an information tool makes a wrong interpretation, e.g. because this user misunderstood a part of the data. But even if a user of an information tool understands the data correctly it does not mean that two different users arrive at exactly the same interpretation. And in the case of the interpretation of the same data at a specific time and again some years later, there will in many cases be different interpretations. It differs from field to field and from one subject to another. A very clear example is that of the interpretation of a novel where one could have different interpretations over time. A further example is the interpretation of the Bible over time and within different religious traditions. To formulate this differently: data and information are not the same. Users make interpretations of data, and this interpretation is the information the user gets.
The relationship between information needs, change and time
In the previous section we have seen that at least the following single aspects play a role for the use and understanding of the expression "information needs changing over time": the world, the situation or context, the time duration, users and user needs, and the interpretation of data. In this concluding section we will focus on the relationship between information needs, change and time.
In the literature one can find different contexts with "over time":
 search session  work task  a specific period, e.g. the time being ill  a whole life  multiple generations, e.g. the example of selling cars for the last 100 years But "over time" cannot only be a longer or even much longer period, it can also be shorter periods, subdividing a given time period. Any subdivision could be divided into even smaller parts. When discussing information needs, a period of time could be anything from the shortest time that a human can perceive up to the longest possible time. "Over time" is therefore a broad term, the precise meaning of which must be deduced from the context or situation.
In Figure 8 this time aspect is only indicated. We see here that information needs can be stable, the same over time, but that within a short or longer time they can change slightly because the user needs some more details (because of changes in the world, his/her interests etc.). Or s/he could have a need of information about further aspects -what we call a "modified need". Those three possibilities are quite different from a "new information need", which can occur again and again over time. But as soon as this new need is there it will find its place at the bottom of this figure, being stable at the first moment but over time it may perhaps require specification or modification.
Figure 8 Changing information needs over time
From the quotations in Section 2 it is evident that change has different characteristics in different articles. In some cases it is evident that change in information need simply implies a whole new set of information needs, e.g. in a travel situation the information needs in the planning phase are different from the information needs during the holiday. In the planning phase some information needs about how to get to the destination as such and which attractions to visit may be important; after arriving at the destination, how to find the different places of interest, what the opening times of these places are etc. will be more important. Those information needs are definitely related to the initial information needs but the individual needs are, as is clear from the specific example, evidently different. It is not a further specification of the original need. Change in these examples implies new information needs.
After having received certain information as the answer to a question, a person can have the wish to acquire further knowledge. This person has arrived at new insights but with the implication that the existing information need is not necessarily valid any more, and should be modified and adapted due to the additional knowledge which was acquired in the first place. The health care situation is a good example of such modifications. There can be slight changes in a person"s search parameters during the development of his/her disease. S/He could want to know more precisely what is happening in a certain phase of the disease. Change in these examples implies a modification of the information needs.
In the example of the travel-related information needs before and during the holiday referred to previously, the information needs may not necessarily be well defined in the user"s mind. S/He could find out that s/he needs to search more exactly by specifying his/her information need, e.g. that it should be the opening time in August and on a Friday. A further example: someone wants to write an essay about the influence of the Napoleonic wars on European countries in the first part of the 19 th century. Such an information need is too complex for a simple interaction with the information tool. It can be necessary to break it down into its constituent parts, such as the direct influences in Germany directly after the wars, the influence in the time 1825-1840 etc. Change in this example means a division of a complex information need into a number of smaller information needs which are a specification of the complex need.
Conclusion
The phrase "changing information needs over time" has been used for at least the last twenty years in many information science publications. From the preceding analysis it is, however, clear that "over time" is not an unambiguous term, and that "change in information needs" has different possible meanings in different situations or contexts. Thus far, the reader has to deduce the meaning of the phrase of the broad context of the article without the author(s) providing any explicit indication of the expected understanding of the term. This can obviously lead to confusion because of multiple interpretation possibilities. Evidently this is not optimal in scientific writing, be this in natural sciences or in social sciences. The clarity of meaning and formulation should be a sine qua non in research. We have offered a clear analysis of the different interpretation possibilities for the ambiguous phrase which could be used in future publications. Authors of such future publications should be aware of the possible semantic ambiguities and ensure that they explicitly explain what they mean by the phrase to avoid such ambiguities among the readers.
